The labdane, halimane and clerodane type diterpenoids are compounds that have been isolated in plants of several families. These molecules and their derivatives with a lactone group on the side chain or on the decaline system, have a great interest because of their biological properties as insect antifeedant, antiviral, cytotoxic and trypanocidal. The scope of this review is lactones diterpenoids with labdane, halimane and clerodane frameworks.
Natural products have been the source of therapeutic agents dating back to the early Egyptian and Chinese empires. Native peoples in South America, Africa, Asia and even in Europe still use these compounds in traditional medicine. Nowadays, natural products isolation is well established and proven sources of drugs, medicinally relevant substances and starting compounds for semisynthetic processes. These products are also being used as models for the synthesis of bioactive compounds. However, these research topics are closely dependents on biodiversity preservation. Diterpenoids compounds are a large family of natural products, in case of a lactone group being present their biological activity increases. This group includes labdanes, halimanes and clerodanes. These compounds have a decaline system with two fused rings A and B and a side chain on position 9, their basic hydrocarbon skeletons are shown in Figure 1 . Biosynthetically, the halimanes and clerodanes appear to be related to the labdanes, via a series of methyl and hydride shifts. Halimanes possess a carbon skeleton intermediate between that of the labdanes and the clerodanes. Two enantiomeric series, of them occur in natural products. One with stereochemistry designed as -n ormal‖ (labdane) and the other as -antipodal‖ (entlabdane) Figure 2 . This review provides an overview of lactones diterpenoids with labdane, halimane and clerodane frameworks.
Labdane framework
The wide distribution of labdane diterpenoids amongst higher plants makes them an important group of natural products, particularly because they have significant bioactivity, e.g. insect antifeedant, antitumor and antifungal [1] . There are labdanes with a -lactone on side chain and others with the butyrolactone on the decaline system.
We start to present some natural products from the first group and how to synthesize some of them.
From the rhizomes of Hedychium forrestii were isolated four labdane-type diterpenoids with -lactone on side chain, hedyforrestin D (1), 15-ethoxy-hedyforrestin D (2), yunnancoronarin B, (3) and C (4) [2] . Other plants from genera Hedychium are known for their strong aromatic odour and are used as hot natured drugs in traditional medicine. Some of these species have been used for the treatment of stomach ailments such as pain, indigestion, swelling, diarrhoea, hernia and liver diseases. Hedychilactones A (5), B (6) and C (7) were isolated from the rhizomes of Hedychium coronarium that is widely used in India, China, and Brazil as a traditional medicinal plant for the treatment of inflammation and rheumatism [3, 4] .
Villosin (8) was extracted from stems of Hedychium villosum. In China stems are used as a remedy for cough and apoplexy [5] . 
Synthesis of hedychilactone A (5)
The hedychilactone A (5) was prepared by an efficient synthesis of 7 steps, starting from commercially available natural chiral building block, (+)-sclareolide (9) . Aldehyde 10 is a very versatile synthetic intermediate and it was prepared in a manner analogous to that reported by de la Torre [6] .
For the introduction of -unsaturated butyrolactone of target molecule 5, the olefination of 10 with diethylphosphono-2-butyrolactone ylide with NaH as base gave a butyrolactone and posterior allylic hydroxylation with SeO 2 and t-BuOOH in methylene chloride for 1 h gave the 7--hydroxy 11 named as 7-epi-hedychilactone A. 7--Hydroxyl group of the target compound 5 was obtained by Swern oxidation and successive reduction of -unsaturated ketone with NaBH 4 in MeOH [3] . 
Synthesis of hedychilactone B (6)
The hedychilactone B (6) was prepared via 7 steps, involving a stepwise [4+2] cycloaddition of the ver y hindered diene 12 with the allene carboxylate 13 to give the [4+2] cycloadduct 14. The product was reported by a key nonconjugative hydrolysis of a -methylene silyl enol ether and an E-selective olefination to install the desired E-alkylidene lactone 6 [7] .
The ,-unsaturated ketone, solicanolide (15) was found in the flower extracts of Solidago canadensis [8] . This plant is an Asteraceae widely distributed across North America, occurring in almost every state of the U.S.A. and throughout Canada [9] . Its flowers were used in traditional Amerindian medicine as an analgesic burns and ulcers treatment, febrifuge, gastrointestinal and liver aids.
From Antrodia camphorate was extracted 19hydroxylabda-8(17)-en-16,15-olide (16) which is reported to have neuroprotective activity [10] .
Zambesiatolactone A 17 was isolated from the seeds of the Cameroonian medicinal plant Aframomum zambesiacum [11] .
In Marrubium globosum, that is used in folk medicine, was detected the deacetylvitexilactone (18) [12] .
The bioactive diterpenoid (+)-zerumin B (19) isolated in 1996 from the Chinese medicinal plant Alpinia zerumbet [13] and more recently from Curcuma mangga, a popular vegetable that is also used in Asian folk medicine for alleviating stomach ache, chest pain, fever, and in postpartum care to aid womb healing [14] .
The unsaturated lactone leonotinic acid (20) was isolated from the aerial parts of Leonotis nepetaefolia [15] . 
Lactones diterpenoids
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Synthesis of (+)-zerumin B (19)
Starting from commercially available natural chiral building block (+)-sclareolide (9) , like in the case of hedychilactone A (5) . Sibiricinones A (26), B (27) and C (28) were isolated from the aerial parts of Leonurus sibiricus [18] . Vitex rotundifolia is widely distributed in Asia and its fruit, is used in folk medicine for the relief of pain. 6-acetoxy-9hydroxy-13(14)-labden-16,15-olide (36) was isolated from it [23] .
From the dichloromethane extract of the aerial parts of Marrubium velutinum a new diterpene bislactone, velutine C (37) was isolated [24] . This compound has two lactone groups one of them on side chain and the other on the decaline ring system. Other compounds with the lactone ring on the decaline system were found in plants of these genera. From the dichloromethane extract of the aerial parts of Marrubium thessalum, one bislactone, 15-methoxyvelutine C (38) , was isolated and two others labdane 18,6-lactones: peregrinine (39) and 3-hydroxymarrubiin (40) [25] .
ent-Labdane framework
Compounds from the enantiomeric series of labdane were also found in nature.
Andrographolide (41) and neoandrographolide (42) are two ent-labdane with -lactone between carbons C16 and C15 [26] . They are the main chemical constituents of Andrographis paniculata that is a medicinal herb widely used for centuries in India, China and Southeast Asia as a antibacterial [27] , anti-inflammatory [28] [29] [30] [31] [32] [33] , anti-malarial [34] , antithrombotic [35] , hepatoprotective [36] , anticancer [37, 38] , immunostimulant [39] agent. It is also claimed effective to treat diabetes [40] and HIV-I [41] . Some phytochemical studies on this herb have resulted in the isolation of about 50 labdane diterpenoids [42] . These compounds are responsible for the therapeutics, andrographolide, in particular, has shown cytotoxic and cytostatic activity against cancer cells and hepatoprotective activity [43] .
The whole plant is used extensively as an antiinflammatory and antipyretic drug for the treatment of fever, cold, laryngitis, diarrhoea, and inflammation. The extract of Andrographis paniculata and its major ent-labdane diterpenoids have been shown to display antiviral, bacteriostatic, immunostimulatory, as well as hepatoprotective and hepatostimulating activities. Phytochemical studies on the aerial parts of this plant have led to the isolation of, some ent-labdane diterpenoids with butyrolactone on the side chain (43-53) [44, 45] . 
ent-Halimane framework
The ent-halimane type diterpenoids with lactone system are rarer in nature, but they have been isolated from higher plants like Halimium viscosum, Cladogynos orientalis, Polyalthia longifolia, Polyalthia longifolia var pendula, Alomia myriadenia and Heteroscyphus coalitus [46] . Some ent-halimane derivatives have biological activities such as insecticide, antifeedant, antiviral, cytotoxic mainly butyrolactones or hydroxybutyrolactones on the side chain [47] . There are other compounds with lactone group on the decalin ring system like in the case of labdanes.
In the Halimium viscosum was isolated a natural lactone: 15-hydroxy-ent-halim-1(10)-en-18,2β-olide (54) [48, 49] .
In the CHCl 3 extract of the roots of Cladogynos orientalis were isolated two ent-halimanolides 55 and 56 that have also the lactone between positions 18,2β [50] . In hexane extract of steam bark of Polyalthia longifolia were found ent-halimanes with butyrolactone group on side chain 57, 58 and 59 [51] . These compounds show cytotoxic and antiviral activity [52, 53] .
From the plant Polyalthia longifolia var. pendula was isolated and identified an ent-halimanolide 60 [54] .
From the aerial parts of Alomia myriadenia was isolated and purified a diterpene halimanolide 61 with cytotoxic and trypanocidal activities [49] . In the ether extract of Heteroscyphus coalitus were isolated two new diterpenes bislactones with ent-halimane skeleton 62 and a 3,4-seco-ent-halimane 63 [55] . Another bislactone 64 was prepared, by our group, through a Bestman ketene to introduce a butenolide ring-formation, in the saturated side chain of ent-halimane. The starting material was ent-hydrohalimic acid, the major component of Halimium viscosum, chemotype Celorico da Beira [56] .
Our group also isomerized the double bond from position 1(10) to 5(10) of ent-hydrohalimic acid with formic acid and in the same reaction the lactone 65 was obtained. The allylic oxidation of isomerized product gave five lactones 66; 67; 68; 69 and 70 [57] .
Clerodane framework
Clerodanes are compounds biosynthetically related with labdanes, in which one methyl group migrate from position 10 to 9 like in ent-halimanes and other methyl group migrate from carbon C4 to C5. Lactones with clerodane skeleton are very interesting because many of them have biological activity.
Gomphostenin (71) A new neo-clerodane diterpenoid, 6-(2,3-epoxy-2isopropyl-n-propoxyl) barbatin C (73), was isolated from Scutellaria barbata. This new compound showed significant cytotoxic activities against three human cancer lines [59] . [60] .
Two new neo-clerodane diterpenes, were found in Dodonaea angustifolia mkapwanin (81) and methoxymkapwanin (82) [61] . Traditionally this plant is used as an analgesic, laxative, antipyretic, in rheumatism, eczema, and to treat skin ailments [62] .
Gudichanolide A (83) [63] and bacchariol (84) [64] Clerodanes such as 85 have been obtained [65] from Callicarpa americana that is a shrub native to the south eastern United States, this plant have been used to treat fever, dropsy, to alleviate colic, dysentery, and skin cancer [66] . Croton species have continued to afford cisclerodanes, with the butenolide group on side chain 86 was isolated from a colombian specie Croton schiedeanus that is used in traditional medicine for the treatment of stomach-aches and hypertension [67] . The compound 87 was isolated from the Indian medicinal plant Pulicaria wightiana [68] . [71] .
Thymonin (92) was isolated from Salvia thymoide [72] . The methoxybutenolide 93 was extracted from the bark of Polyalthia longifolia [73] . During an examination of pesticidial plants, the relative cleroinermin (94) was obtained from Clerodendron inermi (Verbenaceae). Teucrasiolide (95), auropolin (96) and teucrasiatin (97) were isolated from an acetone extract of the aerial parts of Teucrium asiaticum [74] . Interest in these compounds has been stimulated by their biological activity as antifeedants against some economically important lepidopterous pests, as well as by their hepatotoxicity. plant is often used for the treatment of hepatitis and hepatoma in folk medicine [75] .
Ajugalide-
Limbatolide A (102), B (103) and C (104) were isolated from the roots of the medicinal plant Otostegia limbata that is widely distributed in the North-West Frontier Province and lower hills of West Punjab in Pakistan, and traditionally, it has been used in the treatment of children gum diseases and for ophthalmia in man. The first one is a bislactone cis-clerodane with one of the lactone group on side chain and the other on decaline system, position 18,6 [76] . From Lophoziu ventricosu was isolated a bislactone, ventricosenediolide 105 [77] .
